as with biplane cineangiocardiographic assessments of myocardial damage using subjective analysis of both the ventriculograms and coronary arteriograms.
SUMMARY Comparisons were made between enzymic indices of myocardial infarct size (total creatine kinase appearance and peak enzyme activity) measured during the acute stage of a first myocardial infarct in 32 male patients, and analysis of contraction abnormalities in biplane left ventricular cineangiocardiograms performed one month later. The cineangiocardiograms were analysed independently by two radiologists, each using two different methods for quantification of subjectively classified abnormalities of left ventricular wall motion. A very strong correlation was found between the two enzymic indices of infarct size and somewhat weaker correlations between assessment of contractility abnormalities made by the two radiologists using the same method, or by the same radiologist using the two different methods. Comparisons between enzymic and angiocardiographic indices for all infarcts showed correlation coefficients (r) within the range of 0 53 to 0-72. With all comparisons of enzymic with radiological indices r values were higher for anterior infarcts than for inferior infarcts, and there was a tendency for higher enzyme levels for a given degree of left ventricular damage in inferior than in anterior infarction. This may be the result of variable degrees of right ventricular damage in inferior infarction.
Mortality and morbidity after myocardial infarction are largely related to the extent of myocardial damage,' and in recent years have prompted the evaluation of methods to reduce infarct size in patients.4 Estimation of cumulative creatine kinase appearance into the blood from an infarcted region (integral CK) is a common method for the assessment of myocardial damage and evaluation of therapeutic interventions.2 5 6
Most authors have reported a good correlation between myocardial damage as estimated by serum CK and other means, such as necropsy findings,7 biplane cineangiocardiography,8 and myocardial CK depletion in experimental myocardial infarction.9 10 Criticism of integral CK, however, continues both regarding the assumptions made in its calculation" 12 as well as its correlation with histological infarction size in experimental animals. '3 Our study attempts to shed further light on the controversy by comparing infarct size measured by total CK appearance with peak CK activity, as well
Patients and methods
Thirty-eight consecutive male patients under 60 years of age seen within 12 hours of the onset of symptoms of an uncomplicated first myocardial infarct were entered in the study. Seven patients were subsequently excluded after analysis of left ventriculography and coronary arteriography In two, the left ventriculogram was technically unsatisfactory, and in five previous myocardial infarction could not The second radiological method for estimation of infarct size was termed the ""muscle loss" method. This method was based on the contractile behaviour of the myocardium assessed not only by the appearance of the cavity margins in the biplane ventriculograms, but also by observing the motion of arteries in the septum and on the free wall in the coronary arteriograms. In addition, allowance was made for wall thinning and loss of trabeculation where this could be identified. This method evolved from the style of coronary arteriographic reporting used at Green Lane Hospital'5 where the left ventricular myocardium is divided into defined regions and scored according to the estimated Cardiac enzymes and cineangiocardiography amount of myocardium affected as well as the severity of arterial obstructions. For the estimation of infarct size the severity of observed arterial narrowings was ignored, but the left ventricular myocardium was considered in terms of 15 myocardial units, seven in the septum (divided into anterior and posterior septal regions), two in the diagonal area, and three each on the obtuse margin and inferior surfaces. A subjective estimation of contractile state of each anatomical zone was made using all the information available in the cine studies and using a severity multiplication factor as in Table 1 . A complete "muscle loss" assessment in shown in Table 2 . projections allow visualisation of all segments of myocardium with least foreshortening of the long axis of the left ventricle. As the septal profile represents nearly half the ventricular muscle"7 this has been taken into account in calculating the "contractility" score.
The analysis of the contractile state of the left ventricular myocardium in our study was done by subjective observation which should allow an experienced analyst to distinguish between changes caused by cardiac motion and variations in the intrinsic contractile behaviour of the region observed. Such subjective analysis must be based on comparison of the relative behaviour of small adjacent components of the profiled area under consideration (Fig. 6 ). Subjective analysis is frequently difficult and likely to be less reproducible than objective measurements.26 It is therefore not surprising that the interobserver correlations were below 0 9. This is not to say that an objective method necessarily is more accurate in categorising the contractile state of the myocardium. Objective methods using internal frames of reference26-28 may be useful but we have not yet attempted to apply them to the assessment of infarct size.
The method described by Rogers et al.8 uses an external frame of reference and was applied originally to serial large film studies. It is based on superimposition of systolic and diastolic outlines without allowing for the possibility that a noncontractile region can be moved centrally by adjacent contractile regions or that unusual cardiac motion can cause superimposition or even paradoxical overlap of a contractile region (Fig. 6) . It should be noted that the definitions of "akinesia", "dyskinesia", and "hypokinesia" used by Rogers et al.8 did not relate directly to the contractile behaviour of the muscle, and their conclusions regarding lack of correlation between "hypokinesia" and infarction do not apply to more accurate assessments of the contractile state. Thus nine (28%) of our patients with small infarcts showed only hypokinesia by our method. In the left anterior oblique projection the forward systolic motion of the aortic root and the base of the heart gave an "abnormally contracting segment"8 by superimposition of systolic and diastolic outlines using external frames of reference in 30 patients (94%) (Fig. 7) . In only six cases was this considered to be associated with infarction in the basal septum. In the others it was a result of normal forward motion of the base of the heart. Making allowance for this region, 14 (44%) of our patients would have shown no abnormally contracting segment by superimposition of systolic on diastolic outlines using an external frame of reference (Fig. 7) . anterior oblique with cranial axial angulation (LAO) projections in three patients. External frame of reference determines the positions of the tracings as the x-ray beam and patient were not moving and there was no respiratory motion, the frames being traced on to the same piece of paper in the analysing projector. These examples were selected to illustrate some of the difficulties in applying this method to the assessment of contractility. All three cases in LAO show an "abnormally contracting segment" of the basal septal region due to cardiac motion. Only in (b) was this associated with hypokinesia. In (a) the infarcted area was readily recognised subjectively but would have escaped detection by this method. In (b) where a larger infarct associated with an akinetic area inferiorly caused a severe irregularity of contour, cardiac motion, nevertheless, allowed the whole systolic contour to fall within the diastolic contour. In (c) the hypokinetic anterolateral contour in RAO is made by cardiac motion to appear more contractile than the normal inferior surface. Numbers indicate the subjective assessment of the contour margins as in Fig. 2 of inferior myocardial infarction could explain both their poorer correlation with angiographic indices and their tendency for higher enzyme levels for a given degree of left ventricular impairment. Sources of error in the enzyme measurements include biological variation in the CK content of normal myocardium and its depletion by infarction,1' contribution of non-cardiac CK to total CK appearance, and variations in serum entry ratio probably caused by varying degrees of CK degradation locally within the infarct.22 For reasons discussed earlier, it is possible that variability of KD may be of somewhat lesser importance.
Considering all of these possible sources of error, it is not surprising that the correlations we have shown between enzymic and cineangiocardiographic indices are less than ideal, varying considerably with the method used for quantification of the angiocardiograms as well as with the differing subjective impressions of different radiologists who interpret them. Moreover, the invasive nature of ventriculography and its restriction to patients without previous myocardial damage makes it unsuitable for routine use. At the present time there is no "gold standard" for the measurement of infarct size, and its severity is perhaps best assessed by the combined use of clinical, enzymic, and electrocardiographic indices. To these methods can be added others such as ventriculography, nuclear imaging, or echocardiography, where these are specifically indicated. Of laboratory-based methods which are available, the enzymic method is the most reliable. Peak CK activity based on fourhourly blood sampling may provide sufficient information as an index of myocardial infarct size for an end-point for the clinical trial of therapeutic agents which are designed to reduce it.
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